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Ultrastructural demonstration of a connection
between afferent and efferent juxtamedullary
glomerular arterioles
ARNE LJuNGQvIsT
Institute of Pathology, Karolinska Sjukhuset, Stockholm, Sweden
Ultrastructural demonstration of a connection between afferent
and efferent juxtamedullary glomerular arterioles. The ultrastruc-
ture of the vascular pole of the glomerulus was examined in
different zones of the rat kidney. In the "juxtamedullary" zone, the
previous observation of a direct vascular continuity between
afferent and efferent vessels bypassing the glomerular tufts was
confirmed. The wall of the connecting vessel segment was built up
by the so-called juxtaglomerular lacis cells, the functional signifi-
cance of which has hitherto been obscure. In the lacis cell groups of
the "cortical" zone, however, no vessel lumina were demonstrated.
Démontration ultrastructurale de Ia connection entre les arterioles
afférentes et efférentes du glomerule juxta-médullaire. L'ultrastruc-
ture du pole vasculaire du glomérule a été examinée dans differ-
entes zones du rein de rat. Dans Ia region juxtamédullaire l'obser-
vation antérieure d'une continuité vasculaire directe entre les vais-
seaux affCrents et effCrents, court-circuitant Ic glomerule, est con-
firmée. La paroi du segment vasculaire qui realise cette connection
est faite a partir des cellules du lacis juxta-glomerulaire, cellules
dont Ia signification fonctionnelle est, jusqu'à present, obscure.
Dans les cellules du lacis des regions corticales aucune lumière
vasculaire n'a ét misc en evidence.
By the use of a combination of stereomicro-
angiographic and histologic techniques, the existence
of two structurally different types of arteriole-
glomerular units has previously been demonstrated in
the kidney of man, rabbit and rat [1—3]. One of these
types, the "cortical" type, is by far the most frequent
and exists throughout the cortex. It consists of an
afferent arteriole, a glomerular capillary tuft and an
efferent arteriole which are coupled in series. Thus,
the glomerular tuft constitutes the sole connection
between the wider afferent and the thinner efferent
arteriole; the latter arteriole splits up to form pen-
tubular capillaries. The second type, the "juxtamedul-
lary" type, is encountered only in the juxtamedullary
zone of the cortex, It consists of a continuous ar-
teriole from which the glomerular capillaries extend
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as lateral branches. The arteriole usually forms a
sharp bend at the vascular pole of the glomerulus
and the efferent segment of the arteriole runs for
some distance in the juxtamedullary zone before
it splits up into arteriole rectae which descend into
the medulla. Thus, both a glomerular and an extra-
glomerular route are available for the blood flowing
through the unit and into the medulla.
In previous studies it was pointed out that a
relative increase in the medullary blood flow, such as
occurs in water and osmotic diuresis [4] and hypoten-
sion [5], would make it possible for an increased
proportion of the intrarenal blood flow to bypass the
glomerular filtration apparatus by the way of the con-
tinuousjuxtamedullary arterioles. On the other hand,
contraction of these arterioles would be expected to
force an increased proportion of the intrarenal blood
flow to pass via the glomerular, cortical route. The
vascular arrangement of the juxtamedullary arteriole-
glomerular unit can therefore be regarded as a poten-
tial intrarenal regulatory mechanism of glomerular
filtration rate (GFR) and filtration fraction (FF). To
further elucidate the structural basis for this
mechanism, I have compared the ultrastructure of the
vascular arrangements at the poles of the cortical and
juxtamedullary units.
Methods
Kidneys from ten normal Sprague-Dawley rats
were used. The weight of rats ranged between 175 and
190 g.
Five rats were anesthetized by ether and the
kidneys removed and cut into numerous cuboidal
blocks with an average size of 1 mm3. These blocks
were taken both from the peripheral cortex and from
the juxtamedullary zone. They were fixed in buffered
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osmium tetroxide and embedded in epoxy resin
(Epon).
Five rats were anesthetized by i.p. injection of pen-
tobarbital (Nembutal). The abdominal aorta was ex-
posed and a catheter inserted in retrograde direction
from the level of the bifurcation. The catheter was
fixed by a ligature and with the tip at a level im-
mediately above the origin of the right renal artery.
Fixation of the kidneys was then performed by perfu-
sion via the catheter with 1.5% glutaraldehyde solu-
tion buffered by sodium cacodylate to pH 7.4. The
kidneys were removed and blocks taken as above
from the peripheral cortex and the juxtamedullary
zone. These blocks were postfixed in osmium tetrox-
ide and embedded in epoxy resin (Epon).
A number of lt thick sections were cut from each
Epon block and stained with methylene blue. These
were examined in the light microscope. Neighboring
sections were cut on an ultratome (LKB Ultrotome)
and stained with uranyl acetate and lead citrate for
electron microscopic (Siemens Elmiscope I) examina-
tions. An evaluation of the arrangements of the ves-
sels at the pole of a glomerulus could not be made
unless both the afferent and efferent vessels were in-
cluded in the section and longitudinally cut. The
thick blocks were used for identification of such
suitably sectioned arteriole-glomerular units and for
tracing the arterioles to identify them as afferent or
efferent vessels. Suitably sectioned units were then
studied under the electron microscope in the
neighboring thin section.
Results
The vessels at the vascular pole of the glomeruli
were more easily identified in the perfusion-fixed
Fig. 1. Left, Vascular pole of cortical glomerulus(X1800). Afferent arteriole, A; efferent arteriole, E. Lacis cell area, L; only cytoplasmic pro-
jections are seen but no lacis cell nuclei. Glomerular capillaries, C; parietal layer of Bowman's capsule (arrows). Right, Lacis cell area of cor-
zical glomerulus (X12,000). Lacis cell nuclei, N; basement membrane material, bm.
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specimens in which they were dilated than in the
immersion-fixed specimens in which they were col-
lapsed.
The cortical unit. The vascular pole of this unit
showed the well-known feature of two separate
arterioles connected with each other only via the
glomerular capillary tuft (Fig. 1, left). In the media of
the wider, afferent arteriole, both smooth muscle cells
and epitheloid cells with a granulated cytoplasm were
encountered. The glomerular tuft showed the
ultrastructural features known from numerous earlier
reports (e.g., [6]). The efferent arteriole was formed
by the confluence of the glomerular capillaries. The
media of this arteriole contained smooth muscle cells,
but the wall was thinner than that of the afferent
arteriole. No granulated cells were encountered in the
walls of the efferent arterioles.
In the triangular space formed by the afferent and
efferent vessels and the macula densa segment of the
distal tubule, a cell group known as the "lacis cells" is
located (Fig. 1, left). The ultrastructure of these cells,
which has been described by previous workers [7—9],
was characteristically simple. Cytoplasmic organelles
were few (Fig. 1, right) and granules were not found.
Small fibrillar structures were observed in the
cytoplasm of some cells. Cytoplasmic projections
were numerous and the cells were interwoven by a
basement membrane which was in continuity with
that of the Bowman's capsule (Fig. 1, left and right).
The juxtamedullary unit. The preglomerular seg-
ment of the juxtamedullary arteriole showed the same
features as the afferent arteriole of the cortical unit.
The postglomerular segment had a thicker wall and a
wider lumen than the efferent arteriole of the cortical
unit. The thickness of the wall was due to a large
number of smooth muscle cells mimicking the struc-
ture of the wall of the preglomerular segment.
Granulated cells were, however, found only in the
preglomerular segment.
At the vascular pole the afferent segment was seen
to continue directly into the efferent segment by a
vessel segment bypassing the glomerular tuft (Figs. 2,
left and right, and 3, left and right). The wall of this
segment was built up by an endothelium surrounded
by numerous cells of a simple cytological structure
quite similar to the lacis cells of the cortical unit (Fig.
4). No typical smooth muscle cells or granulated cells
were encountered. From one aspect of this segment,
Fig. 2. Two neighboring sections out of a series showing ajuxtamedullary arterioleglomeru/ar Unit (methylene blue. X230). The arteriole gives
off glomerular capillaries (white arrow in Fig. 2, left) after which it forms a bend and runs away from the glomerulus (white arrow in Fig. 2,
right).
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Fig. 3. Left. Vascular pole ofjuxtamedullary gloinerulus (X1600). Afferent arteriole, A. Note connecting segment, S, with lads-like cells, L, in
its wall. Glomerular capillaries, C; parietal layer of Bowman's capsule (arrows). Right, Neighboring Section to that depicted in Fig. 3, left
(X1600). Afferent arteriole, A, splits up into glomerular capillaries, c. Parietal layer of Bowman's capsule (arrows).
glomerular capillaries were given off; the opposite
aspect was in close contact with the macula densa.
No extravascular lads cell group was found in the
pole of this unit.
Discussion
Since the structures at the vascular pole of the
glomerulus form the functionally important jux-
taglomerular apparatus (JGA), this area has been the
subject of many electron microscopic investigations.
On the basis of these investigations, the JGA is
generally described as being composed by the afferent
and efferent glomerular arterioles, the macula densa
segment of the distal convoluted tubule and the so-
called lacis cells which are located in the triangular
space lined by the afferent and efferent arterioles and
the macula densa (e.g., 17-9]). The afferent and
efferent arterioles are said to be connected only via
the glomerular tuft. Myoepithelioid cells with a
granulated cytoplasm are frequently encountered in
the walls of the afferent arterioles and sometimes also
in the walls of the efferent arterioles [10, 11]. These
cells are believed to be the renin-producing structure
of the JGA.
In view of the present findings, the traditional
description of the structure of the vascular pole of the
glomerulus is valid only for the cortical arteriole-
glomerular unit. The absence of granulated cells in
the walls of the efferent arterioles examined is not in-
consistent with the reports by Barajas and Latta [10]
and Faarup [11]. It is merely a feature of the relative
rareness of such cells in this position. In fact, Faarup
[11] found that granulated cells were less frequent in
the efferent than in the afferent arterioles and that the
number of granulated cells in each of these positions
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Fig. 4. Higher magnification of part of the connecting segment depicted in Fig. 3, left (X29,250). Nucleus of endothelial cells, NE; nucleus of
lacis-like cell, NL; basement membrane material, bm; lumen, L.
declined considerably from the subcapsular to the
juxtamedullary zone. Granulated cells in the walls of
the efferent arterioles are therefore particularly rare
in the juxtamedullary zone, and in the present in-
vestigation most arteriole-glomerular units studied
were located there.
In the juxtamedullary unit, the previous observa-
tion of a direct vascular connection between the
afferent and efferent vessels bypassing the glomerular
tuft was confirmed. In a previous report [3], it was
emphasized that in the uninjected specimen the
lumen of this connecting segment is usually collapsed
and that this explains why the connecting segment
has been demonstrated only by workers using injec-
tion techniques [1-3, 12, 13]. This view was further
supported by a comparison between the immersion-
fixed and perfusion-fixed specimens of the present
study. It was furthermore found that, unlike the
afferent and efferent juxtamedullary arterioles [141,
the wall of the connecting segment did not contain
any smooth muscle cells. The cells forming the wall of
this segment were simple in structure and quite
similar to the lacis cells of the cortical unit. In view of
the fact that no further lacis-like cells were found in
the pole of the juxtamedullary unit, the cells of the
wall of the connecting segment can be regarded as the
lacis cells of this unit.
The function of the lacis cells has hitherto been un-
known [7, 9, 15]. The findings in the present study
have given a functional significance to the lacis cells
of the juxtamedullary unit. Their character of vessel
wall cells is not surprising in view of the following
facts: 1) Cells in the glomerular arteriole walls as well
as lacis cells may be transformed into granulated cells
by stimuli leading to an increase in the production
and release of renin [7, 15]. 2) The lacis cells are in
direct continuity with identical cells in the glomerular
capillary tuft, known as "mesangial cells" [15] and
these cells, too, may become granulated [161. 3) The
lacis cells often contain fibrillar bundles and attach-
ment bodies at the cell membrane suggesting a
relationship to smooth muscle cells [7]. 4) In salt-
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desoxycorticosterone acetate (DOCA) treated
animals, the lacis cells, the glomerular mesangium
and the walls of the afferent and efferent arterioles
will undergo identical changes ultimately resulting in
hyalinization [15]. It would seem reasonable to as-
sume that also the lacis cells of the cortical unit are in
fact vessel wall cells, and to judge from their localiza-
tion and ultrastructural features both the cortical
and juxtamedullary lacis cells may well be regarded
as pericytes. So far, however, no vessel lumen has
been demonstrated in the cortical lacis cell groups.
The functional significance of the continuous jux-
tamedullary vessel as a glomerular bypass mechanism
for medullary blood flow has been discussed in detail
previously [1]. The present observation that the wall
of the connecting segment is devoid of smooth muscle
cells suggests that this will largely passively convey
the blood from the afferent to the efferent arteriole,
although a certain contractile activity may well be ex-
erted by the lacis cells to judge from their cytoplasmic
contents of fibrillar structures. It has been shown,
however, that during degeneration of a juxtamedul-
lary glomerulus the arteriole will remain patent and
the connecting segment acquire the same histologic
features of a muscular arteriole as the original
afferent and efferent segments [17]. This remains to
be verified by electron microscopy.
Acknowledgment
This study was supported by the Swedish Medical
Research Council (project No. B69-12X-716-04A).
Reprint requests to Dr. Arne Ljungqvist, Institute of Pathology.
Karolinska Sjukhuset, S-104 01 Stockholm, Sweden.
References
1. LJUNGQVLST A: Structure of the arteriole-glomerular units in
different zones of the kidney. Microangiographic and
histologic evidence of an extraglomerular medullary circula-
tion. Nephron 1:329—337, 1964
2. LJUNGQVIST A, RICHARDSON J: The intrarenal arterial pattern
in the generalized Shwartzman reaction. Acta Pathol
Microbiol Scand 67:357—364, 1966
3. LJUNGQVIST A, WAGERMARK J: The adrenergic innervation of
intrarenal glomerular and extraglomerular circulatory routes.
Nephron 7:218—229, 1970
4. THURAU K, DEETJEN P, KRAMER K: Hämodynamik des
Nierenmarks: II. Mitteilung. Wechselbeziehung zwischen
vasculären und tubulären Gegenstromsystem bei arteriellen
Druchsteigerungen, Wasserdiurese und osmotischer Diurese.
Pflflger Arch Ges Physiol 270:270—285, 1960
5. CARRIERE S, THORBURN GD, O'MoRsHoE CCC, BARGER AC:
Intrarenal distribution of blood flow in dogs during hemor-
rhagic hypotension. Circ Res 19:167—179, 1966
6. JoRGENSEN F: The Ultrastructure of the Normal Human
Glomerulus. Copenhagen, Munksgaard, 1966
7. BARAJAS L, LATTA H: Structure of the juxtaglomerular ap-
paratus. Circ Res 20—2! (suppl H):15—28, 1967
8. HATT PY, ROJO-ORTEGA JM: The ultrastructure of the jux-
taglomerular apparatus, in Proc 4th mt Congr Nephrol, Base!,
S Karger AG, 1970, vol. 2, p. 1
9. FAARUP P: Morphological Aspects of the Renin-Angiotensin
System. Copenhagen, Munksgaard, 1971
10. BARAJAS L, LATTA H: A three-dimensional study of the jux-
taglomerular apparatus in the rat: Light and electron
microscopic observations. Lab Invest 12:257—269, 1963
II. FAARUP P: On the morphology of the juxtaglomerular ap-
paratus. Acta Anat 60:20—38, 1965
12. TRABUCCO A, MARQUEZ F: Structure of the glomerular tuft.
J Urol 67:23 5—255, 1952
13. ZLABEK K: Ledvinná glomerula s dvojim obehem (Para-
glomerula) Cesk Morfol 5:167—177, 1957
14. MOEFAT DB: The fine structure of the blood vessels of the
renal medulla with particular reference to the control of the
medullary circulation, J Ultrast Res 19:532—545, 1967
15. HATT PY: The juxtaglomerular apparatus, in Ultrastructure of
the Kidney, edited by DALTON AJ, HAGENAU F, New York,
Academic Press Inc., 1967, p. 101
16. DUNIHUE FW, BOLDOSSER WG: Observations on the
similarity of mesangial to juxtaglomerular cells. Lab Invest
12:1228—1240, 1963
17. LJUNGQVIST A, LAGERGREN C: Normal intrarenal arterial pat-
tern in adult and ageing human kidney: A micro-
angiographical and histological study. JAnat 96:285—300, 1962
